The concentrations in the air of total and of respirable (less than 7 microns equivalent diameter) dust were measured in 142 workrooms of 17 Northern Ireland flax spinning mills using a hexhlet air sampler.
In a previous paper (Elwood, Pemberton, Merrett, Carey, and McAulay, 1965) a survey of byssinosis and other respiratory symptoms in flax workers in Northern Ireland has been reported and the processes of flax preparing and spinning have been described.
The present paper gives an account of the environmental studies which were carried out as part of the survey and provides quantitative data concerning dust concentrations at various stages in the production of the finished yarn.
Methods
Estimation of Airborne Dust in Workrooms.-The technique used for the collection of total and respirable dust was similar to that described by Roach and Schilling (1960) using two Casella air-sampling hexhlet instruments modified to carry filter discs for collecting the dust instead of the customary soxhlet tube. The rate of flow of air was kept constant at 100 litres per minute through each instrument by means of a critical orifice, and the instruments were mounted horizontally about one metre above floor level.
The filter discs used at the beginning of the survey were 7 cm. diameter circles of low-resistance, high-efficiency Roach and Schilling (1960) . Only particles of less than 7 microns equivalent* diameter pass the elutriator. This fraction, termed 'fine' dust by Roach and Schilling (1960) Table 1 for total dust and for respirable dust show that sample weights were not normally distributed. Transformation of the original units (mg./100 m.3 air) to logarithms to the base 10, however, gave frequency distributions which showed no significant* evidence of skewness or kurtosis; it was assumed *Diameter of a spherical particle of unit density with the same settling velocity as the particle under consideration.
*The criterion of significance used throughout is P < 0 05. For normality g1 and g2 should be zero. The data relating to dust levels in pre-preparing rooms are given in Table 3 for total dust and in Table 4 for respirable dust.* In mills spinning flax plus synthetic fibres, synthetic fibres were not necessarily being handled in all rooms or at all times.
The dust concentrations (mg. dust/100 m.3 of air) for each sample were transformed to logarithms. The mean and standard deviations of the log. values were obtained for each of the 142 rooms. The 95 % confidence limits of each mean logarithm for each room were calculated and transformed back into original units. The distribution of these 142 rooms by type of room and the level of airborne dust, expressed as mean log.10 mg./l00 m.3 of air, are shown in the form of histograms in Fig. la for total dust and in Fig. lb for respirable dust.
It will be seen from Fig. la and b that there is considerable overlapping of the distribution of rooms when grouped by both total dust and respirable dust levels.-In general, the dust levels in prepreparing rooms tended to be higher than those in preparing rooms which, in turn, were higher than those of other finishing rooms. The wet finishing rooms were the least dusty of all. Within any one category of room there was also great variation in the range of dust levels between individual rooms, and the 95 % confidence limits of mean concentrations of dust were wide even in cases where a considerable number of samples were taken in one room. This variability may be due in part to differences in the ventilation of rooms.
An opportunity to investigate the effects of improved ventilation occurred when one mill fitted new dust extraction equipment in a large preparing room in which drawing, roving, and combing processes were carried out. At the time of the first visit to this mill, when 30 samples each of total and of respirable dust were obtained, each drawing frame was fitted with a separate extraction fan which drew air from beneath the combing pins and drawing heads and discharged it into the room again through a bed of closely packed fibres which could be dismantled for cleaning. At the time of the second visit, when 19 pairs of dust samples were taken, the brush filter units had been replaced by dust extractors of the *Similar tables are available on request for data relating to dust concentrations in other preparing, wet finishing, and other finishing rooms. cyclone type, one being mounted at the end of each drawing frame. The data relating to dust levels before and after ventilation changes are shown in Table 5 , from which it will be seen that a significant reduction in total, but not in respirable, dust was achieved.
Discussion
A direct comparison between the dust concentration data presented in this paper and those reported by other authors is difficult because, for the reasons given, we have used the mean of the logarithms of the dust sample weights and not the actual weights as used by other authors.
We found, as in the study of the cotton industry reported by Roach and Schilling (1960) and in the study in a Massachusetts flax mill by Ferris, Anderson, and Burgess (1962) , that there was a wide range of dust concentrations in each category of workroom, and that, in general, the dust concentrations were higher in the earlier processes (Fig. la, b) . This general decrease observed in mean dust concentrations from high levels in the pre-preparing and other preparing rooms to lower levels in the finishing rooms would appear to justify the classification of workers used in the clinical survey (Elwood et al., 1965) for comparing the prevalence of byssinosis and other respiratory symptoms. In the clinical survey flax byssinosis was found to be most common among the pre-preparers and rather less common in the other preparers. It was uncommon among other finishers and negligible among wet finishers.
Figures la and lb reveal that there was a wide variation in the dust concentrations even in similar types of room. They suggest that even in the pre--paring processes, known to produce a lot of dust, the dust concentrations can be kept down to levels -found in the cleaner finishing processes. Conversely, ,they confirm that rooms in which 'other finishing -processes' take place can be moderately dusty. This applied particularly to winding rooms.
It is clearly highly desirable to reduce the dust levels in the preparing rooms, and it would appear from the data given that it is not too difficult to achieve total dust concentrations below 200 mg./ -100 m.3 of air in this type of room (Table 5 ). The data in Table 5 , however, suggest that it may be more difficult to achieve a substantial reduction in the level of respirable dust.
